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ABSTRACT
Wing shape and size determines the manner of flight in all organisms with wings, and
this is especially true for butterflies and moths. Flight is energetically costly, so selection may
have acted on these organisms to create the most optimal wing shape for the activities in which
different species engage. In this study, I recorded ten measurements of length, width, and area
for each specimen in order to determine if different species of butterflies converged on a
particular shape of wing based on their habitat. I also considered the similarities of their wing
shape based on their phylogenetic relatedness. The results show that individuals share similar
wing shapes with other members within their subfamily as long as they live in similar habitats.
This result shows that there is a level of phylogenetic inertia, or similarity due to sharing a
common ancestor, that determines the wing shape of butterflies, however, that is not the only
explanation. Butterflies vary in wing shape for a variety of reasons, such as camouflage or flight
pattern, but habitat is also one of the determinants of shape.

Variación en la morfología de alas de mariposas según hábitat y su relación
filogenética
RESUMEN
El tamaño y la forma de las alas determinan el modo de vuelo en cualquier organismo
con alas. Esto es especialmente cierto en el caso de las mariposas y polillas. El vuelo es una
actividad energéticamente costosa, por lo cual la selección natural pudo haber jugado un papel
importante en estos organismos para crear una forma óptima de alas adecuada para las
actividades que realizan. En este estudio, medí diez caracteres relacionadas con largo, ancho y
área de alas de mariposas de diferentes especies colectadas en Monteverde para determinar si
convergen en alguna forma particular basado en el hábitat donde se encontraron. También
consideré las similitudes entre formas de alas dependiendo de la relación filogenética entre las
diferentes especies. Los resultados mostraron que las mariposas de la misma subfamilia tienen
morfología de alas similares cuando comparten un hábitat similar. Por lo tanto, la relación
filogenética muestra que el presentar un ancestro común determina parte de la forma del ala en
mariposas. Sin embargo, hay otros factores que afectan la morfología del ala, como por ejemplo
el camuflaje o el patrón de vuelo, pero el hábitat es un factor determinante.

Butterfly wing shape variation

McCoy

2

Wings are a key adaptation for many organisms on Earth. Winged animals, such as birds,
bats, and insects, have all evolved wings separately, so it is clearly an important and useful trait.
All of these groups are extremely diverse as well, so it is possible that possession of wings has
spurred this diversity. Insects, the most diverse taxonomic group, use their wings for many of
their key activities including courtship, foraging, dispersal, and territoriality. Most adult insects
have two pairs of wings as adults, called forewings and hindwings. Butterflies are known for the
beautiful colors they display on their wings, but their wings also come in a multitude of shapes
and sizes that could possibly impact their flight.
There have been a few different studies on wing morphology as it relates to flight pattern
in butterflies. Betts and Wootton (1988) studied the correlations between wing shape and flight
performance. They filmed and categorized flight patterns and determined that there are possible
connections between flight performance and wing shape. Dennis and Shreeve (1989) addressed
the different phenotypes of butterflies and created a model to describe how wing morphology
varies with temperature and climate. Another study by Cepedes, Penz, and DeVries (2015)
determined that wing shape in Haeterini butterflies evolved in response to their flight patterns.
They set the ground work for similar studies that could explore patterns of wing shape evolution
in other species.
It is likely that butterflies have evolved different wing shapes in accordance to their daily
activities as well as the places they fly. Wing shape could even be affected by environmental
changes as suggested by Bai et al. (2015). Because flying is energetically costly, it would be
important for a butterfly to optimize the amount of energy they use in flight. There are many
different things that contribute to the wing shape of a butterfly namely flight performance,
phylogenetics, and sexual selection. I would like to know if habitat is one of the factors as well.
In this study, I hope to determine if there is an optimal wing shape for butterflies that fly in
primary forest, along rivers, or in open fields in the Monteverde and San Gerardo areas. It is also
my intention to understand the significance of phylogenetic relationships as it relates to wing
shape.
MATERIALS AND METHODS
I collected lepidopterans in two areas: Monteverde in the Pacific slope and San Gerardo
from the Área de Conservación Monteverde (ACM) in the Caribbean slope. With a butterfly net
in Monteverde, I caught a total of 31 specimens in the forest around the Estación Biológica and
around the Monteverde Institute in Bajo del Tigre. I caught 11 individuals in San Gerardo on the
trails around the field station. Butterfly collection took place from 11 May to 23 May 2018,
which coincided with the start of the rainy season. After trapping them, I placed them
individually in wax paper envelopes. I then weighed each butterfly and took pictures of both the
dorsal and ventral sides of its wings through a plastic bag with a scale. After taking the pictures,
I placed a yellow dot of paint on the butterfly’s thorax in order to recognize a recapture, and then
released the individual.
After taking pictures of the specimens, I uploaded them into ImageJ, a free software
(Schneider et al. 2012), where I measured 10 wing traits and one body size trait. A summary of
the measurements I took are pictured here:
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Figure 1: Butterfly wing and body measurements. Eight linear and two area measurements of
wing shape. One linear measurement of body size.
I used the pictures to identify as many of the species as possible. Some species were
unidentifiable either because there was not sufficient information in the literature, or there were
too many possible species to make a confident determination. I used The Butterflies of Costa
Rica and their Natural History Vol. I and II (DeVries 1987, 1997) and cross referenced it with
the website Tropicleps (Heiner Ziegler 2018) to use the most recent scientific names. After
identifying the species, I researched in the literature and found information about the habitats and
behaviors of every species that I later utilized to supplement my data.
In order to analyze my data, I divided all ten of my wing measurements by the body
length. This created ratios by which I could compare all of my species. I uploaded my data into
JMP and performed Principle Component Analysis (PCA). This analysis allowed me to
transform a graph that would have existed in ten dimensions to only two dimensions by scaling
each measurement according to its variability and how it affected the shape of the butterfly wing.
I excluded all individuals that were missing three or more measurements due to wing damage or
could not be identified to species level. First, I considered the PCA in terms of habitat (Figure
2). Second, I analyzed the PCA by subfamily (Figure 3). I excluded one butterfly that was the
only representative of its subfamily in order to focus on comparisons within and between
subfamilies.
RESULTS
All traits measured had a large effect on Principle Component 1 (PC1) which accounted
for 81.2% of the variation in shape between specimens. The traits that had the most impact on
PC1 were FWW2, HWW2, and HWL1 (see Figure 1). Principle Component 2 (PC2) accounted
for 8.87% of the variation in wing shape, and it was most affected by FWW1, HWW1, and FWA
(see Figure 1). Table 1 is the loading matrix that displays how much each of the ten traits
measured affected the PCA. A greater value, either positive or negative, indicates a greater
effect on the PCA.
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In the PCA analysis regarding habitat, I included thirty individuals (Figure 2). The
specimens that flew in the forest formed a tight cluster. This cluster did not overlap with other
individuals that flew in the open area or near rivers. The group of individuals that flew near
rivers completely overlapped with individuals that flew in open area.
The PCA analysis of butterfly wing shape categorized by subfamily showed clusters for
four of the five subfamilies. These subfamilies are Ithomiinae, Morphinae, Coliadinae, and
Pierinae. The subfamily that did not show any clustering was Riodininae. Butterflies of the
family Morphinae have a different wing shape than all other subfamilies included indicated by
their distance from all other specimens.
Table 1: Loading Matrix of Butterfly Wing Shape PCA
Principle Component Principle Component
1
2
0.89316
-0.32608
FWA/BL
0.726
0.62312
FWW1/BL
0.95567
0.062
FWW2/BL
0.92285
-0.30156
FWL1/BL
0.87573
-0.25461
FWL2/BL
0.91571
-0.23125
HWA/BL
0.8247
0.40671
HWW1/BL
0.95478
0.10813
HWW2/BL
0.94972
0.00624
HWL1/BL
0.9671
0.04968
HWL2/BL

Figure 2: PCA of wing shape and habitat of butterflies (Green: Forest, Blue: Rivers, Pink: Open
area). Only the forest habitat shows clustering based on habitat.
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Figure 3: PCA of wing shape and subfamilies of butterflies (Green: Ithomiinae-Nymphalidae,
Blue: Morphinae-Nymphalidae, Black: Pierinae-Pieridae, Orange: Coliadinae-Pieridae, Purple:
Riodininae-Riodinidae). There is clustering of Ithomiinae, Morphinae, Coliadine, and Pierinae.

DISCUSSION
Butterfly wing shape is affected by habitat in some cases. Figure 2 displays one clear
cluster of species that are associated with the forest. Butterflies that fly in open area or along
rivers were not differentiated from each other, however, they did not overlap with the forest
cluster. This suggests that there is a difference between species that fly in the forest among trees
and those that have less obstacles to avoid in open areas. In birds and bats, longer wings that are
slender (high aspect ratio) are better for flying faster. Shorter, wider wings (low aspect ratio)
allow flight that is not as fast, but there is higher maneuverability. For example, bats that hunt
insects among vegetation have wings with a low aspect ratio that allows them maneuver well at
low flight speeds (Norberg and Rayner, 1987). The data from my investigation seem to suggest
the opposite about wing morphology in butterflies. Species of butterfly found in the forest that
could need higher maneuverability had thin, elongated wings and flew slower, while those found
in open areas had shorter, wider wings and flew faster. Therefore, the pattern in bats and birds
does not apply to these smaller organisms. A study by Rhea et al. (2015) agreed with this
conclusion and added that toxic butterflies also share the high aspect ratio of forest dwelling
butterflies. Even though wing shape does not follow the same pattern in butterflies as it does for
birds and bats, habitat does have an effect in part on the wing shapes of all of these flying
animals.

Butterfly wing shape variation

McCoy

6

This study also provided data on the interrelatedness of wing shape based on
phylogenetic relationships (see figure 3). Because four out of the five subfamilies studied
clustered according to similarities in wing shape, we are able to conclude that the wing shape of
a butterfly is also determined in part by phylogenetics. The cluster with the most points shown
in green are all individuals of the subfamily Ithomiinae, also known as the glass wing butterflies.
Within this subfamily, 12 species across 6 genera are all found in the same habitat, and their
wing shapes are similar. Many of them have also evolved incredibly precise mimicry of each
other (DeVries, 1987). That particular subfamily clusters very well because of their habitat,
mimicry, and phylogenetic inertia. Phylogenetic inertia is when species maintain particular
morphological traits because their ancestors also had those traits. For example, humans have
five fingers because our ancestors had five fingers, and this bone structure is shared with other
animals that are related to humans, like bats. This idea, however, does not account for all of the
wing shapes modeled in this study. Another cluster, Morphinae, is a separate subfamily from
Ithomiinae, but they both belong to the same family, Nymphalidae. Despite having a fairly
recent common ancestor, they have different wing morphologies. If a person only considered
phylogenetics, they would assume that the Pieridae subfamilies were more closely related to
Ithomiinae because their wing shapes are more similar, but that is not the case. Because of the
vast difference between Morphinae and Ithomiinae, there must be other factors at work.
Morphos are known for their floppy flight through open corridors along rivers and forest edges
(DeVries, 1987). Their wing shape could be a result of their flight pattern, sexual selection, or
habitat, and these factors together have created a different wing shape than the Ithomiinae
butterflies. Another interesting point to consider within the Morphinae cluster is that the two
data points are two individuals of the same species. These two points are not as close as
expected which speaks to the variability found in each species. Differences in wing shape within
species could significantly affect the results of a study like this, so it is important to catch many
examples of each species to understand the implications of wing shape variability.
Another example of variation within a phylogenetic relationship is the subfamily
Riodininae. The two genera that are represented in this study seem to have a considerable
difference in their wing shape despite being a part of the same subfamily. One possible
explanation is the different habitats in which they live. Mesosemia is found flying along rivers
while Calephelis flies solely in open areas (DeVries 1997). Further research could consider if
this pattern follows for the rest of the genera in Riodininae. Even within a subfamily of
butterflies, there can be vast differences in wing shape showing that phylogenetics is only one of
many contributors to wing morphology.
A family that does not vary as much between subfamilies in this study is Pieridae. Two
of the four subfamilies of Pieridae are represented. The two subfamilies, Colidinae and Pierinae
cluster separately from each other, but they still overlap. The species from these two subfamilies
all fly in areas with relatively little obstables. Leptophobia of the subfamily Pierinae flies along
rivers and Phoebis and Eurema of the subfamily Coliadinae fly in open areas (DeVries 1987).
Phylogenetics seems to have a bigger effect on the wing shape within this family because their
difference in habitat has not changed their wing shape significantly. They do vary enough to be
considered separate clusters, but those clusters overlap making it easier to understand that they
are in the same family. Another study considered the variation within a species of Pieridae not
represented in this study, Pieris rapae. This study showed that there was variation in wing shape
and size across different environments in which the species occurrs. Differences in food, terrain,
and presence of humans led to different shapes even within one species (Bai et al. 2015). That
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study also recognizes that there are many things to consider when determining the cause of the
wing shape of any butterfly.
This study starts the work toward determining the most common wing shape that
butterflies have evolved possibly to perform well in their habitats, whether it be in the forest or
open flying areas. With more specimens and information from different species of butterfly, the
relationship between wing shape and habitat may become clearer. Wing shape is influenced by a
variety of aspects in a butterfly’s evolution and life history, such as phylogenetics, sexual
selection, or the changing environment, but it could be helpful to our own innovations if we were
able to determine the best shape of wing for different habitats. This study has added to the
growing knowledge about the importance of wing shape in butterflies, and it begins to shine a
light as to the incredible amount of variation that we see in this fascinating order of insects.
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APPENDIX
Appendix 1: Number of each species caught arranged by family and subfamily
Family
Nymphalidae

Subfamily
Danainae
Heliconiinae
Ithomiinae

Morphinae
Nymphalinae
Satyrinae
Pieidae

Riodinidae

Species
Danaus plexippus
Dione juno
Episcada salvinia
Dircenna olyras
Oleria rubescens
Greta andromica
Greta polissena
Greta annette
Pteronymia hara
Pteronymia parva
Pteronymia picta
Ithomia heraldica
Morpho helenor
Vanessa virginiensis
Hermeuptychia harmonia

Number of specimens
1
1
2
1
3
2
1
1
1
1
1
1
2
1
1

Coliadinae

Phoebis rurina
Phoebis argante
Eurema xanthochlora

1
1
2

Pierinae

Leptophobia aripa
Leptophobia caesia

4
4

Riodininae

Calephelis sp.
Mesosemia grandis

1
1

